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[Document Title] SPECIFICATION 
[Title of the Invention] 

PROJECTION EXPOSURE APPARATUS 

[Claims] 

[Claim 1] AP-e~^^ 
projection exposure apparatus [a] which ha >W I " ' £ unifonn illuminance, [ii] a 

mask on which a transfer pattern * ^^^^Z^ the above-mentioned exposing 
visual field diaphragm that sets ^^^^^^ system that projects an image of 
light on the above-mentioned mask, and ^ '^^Xtwwiitive substrate, and 
the transfer pattern of the ^"^^^^^^ area than that of the 

[b ] in which an image of the transfer pat em which has ao above . mentione d mask 

[the apparatus] has: rP i flti velv scans the above-mentioned mask at a uniform 

by the above-mentioned exposing light translationa l movement and rotation of the 

^ 'IZSon detection means which detects the position and angle of rotation of the 

aooveJ—U in the ^^^TZTZ^ photosensitive 

a substrate driving means which relatively f h e Zve-mentioned scanning direction 

above-mentioned mask is projected, DOS ition and angle of rotation of 

tea Je=e P ^ 

mentioned substrate position detection means. 
[Detailed Description of the Invention] 
[0001] 



[Field of Industrial Utilization] 

The present invention concerns a projectio ^^^Cat"^« 
ma»ufa«ureVorexam P le)sen» 

scanning exposure system. 
[0002] 

[Prior Art] 

^ensenuconductorelemen^ 

alithographic process ^f^^^^Z^nu-^^ 

image of a photo-mask or reticle ( h «^"^ em „ means of exposing light. Such 

[0003] 

exposure ^stem. In this Rgure 6, exposing IgIL -nutted So ^ 6> d 

Jough a mirror 2, visual ""^^S^^ sour ce system 1 is constructed from a 
illuminates a reticle 7 at a uniform ' 11 "™™" a J° our ^ etc., and an optical integrator etc. 
light source such as a mercury tamp or ^laser hgh « sourc^ ^ ^ f „ 

Furthermore, the plane in which the «™1 field W^W* A _ {om illum i mti „„ area is set 
surface on the undersurface of «» «**7» ^S^ual fieU diaphr agm 3. In this case the 
on the pattern formation surface °f * er ^ c > 7 by m ^ ? ^ (he x ilTea ^ 

[0004] 

u wfl staee 8 which moves the reticle 7 in the X and Y 
The reticle 7 is held on a reticle XY6 stag iTxYO stage 8 is supported on a reticle 
directions and causes the reticle ^^^^or 10 is fastened to one end of the 
side base 9 so that this stage 8 * free to sh ^ MyQ scanning direction) and 

reticle XY6 stage 8 (wuh respect to ^^^^ rdBetiteA by this moving mirror ia The X- 
a laser beam from an ^^^^^ coordinate of the reticle XY6 stage 8 by 
axis laser interferometer 1 1 detect the X-d recUon c ^ ^ ^ & ^ b 

subjecting the interference *™^^ZZ Furthermore, the Y-direction coordinate 



figures). The coordinate measured by the ^ mntto[ system 12 . 

XY0 stage 8 in accordance with the exposure sequence. 
[0005] 

* u - ™ thP reticle 7 is projected onto the wafer 14 via the projection 
An image of the pattern on th rebcte? is proje ^ 
optical system 13 and exposed by mean o ^exposing lig ^ of ^ ^ 

image of the slit-form illumination area one J 0 t on the wa fer 14. 

optical system 13, is smaller than the area ~™^^ 4 is exposed by (for example) 
Accordingly, the area corresponding to one shot o J Mon ^ the scanning 
scanning the wafer 14 at a constant J^^J^ J is he i d on a wafer XY stage 1 5 
of the reticle 7 in *V X *£££ £ Ydirectk>n's, and this wafer XY stage 1 5 is supported on 



[0006] 

Furthermore, a moving mirror ,7 is " 
(with respect to the X ^ *^^£S£E,h. figures, a moving mirror is 
reflected by this moving mirror 17 ™ ^ h 1 10 the Y direction, and a 

also fastened to the end portion I he fibres) is reflected by this 

iaser beam from a Y-axis laser < B ^T^ A ^ Y .^ a laS er interferometer respectively 
moving mirror. The X-axis laser '^'T^^ 5 b erforrnmg a photoelectric 
detect the X and Y coordinates ofthe^r XY tt* ^ r « movi „ g ^ 
conversion of the interference ligh « b ^J?^f reftrenc e mirror. These X and Y 
on the wafer XY stage 15 and the ^^J^™^ ^ ^tro! system 12 sets the 

sequence. 
[0007] 

Next, the method of reiative scanning of *e : ,^^™m - b^bed. 
exposure is performed by means of a conve <^*\ ~ S tion « I uniform speed so that 
First, during exposure, the wafer 14 ^rface. Accordingly, speed 

the amount of exposure is cons ant at each o motr ui e P interferometer 
control is performed on the basis of, ft< otedifferentfa. values of the coordinates 

™ luS rs performed so tha, the vah.es remain constant. 
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[0008] 

from the reticle 7 to the wafer 14 ,s p (P < ^«T«! (he difrerence beWe en [i] the 
this case has [conventional yl been ^^ t ^ZZ« M «f«°™i<x W by 1/P, which 
value obtained by multiplying the moment ^ of tne laser 

[0009] 

[Problems to Be Solved by the Invention] 

rnthepriorandescHbedaWve.sp^— ^-^S^f 
the wafer 14 and reticle 7. Af^^^^MM, large weights, and which 

and reticle XY6 stage 8. 

[0010] . 

• a afpr YY staee 1 5 and reticle XY0 stage 8 that have relatively 
The above-mentioned wafer XY stage l ana However, in cases where there is a 

large weights are stable during move^ 

deviation in the relative positions rfj^™^^ control characteristics are poor due to the 
[0011] 

L , i «„rf wafer 14 must be kept substantially stationary with respect 
Furthermore, the reticle 7 and wafer « muttje J ^ ^ ^ respec t to the 
to the Y direction perpendicular to the ^^^JX^posWon control which 
direction of rotation. For this purpose, ■ Y dire c tio n and direction of 

adjusts the relative positions of the re icle ^ ™*£ ^and reticle XY6 stage 8 have also 
rotation is required. Conventionally, tte^^^ since both stages have a 

served as mechanisms capable ^^^S^^^^ is « SpedfiC ^' 
relatively large weight, the response ^^^^^^ exposure system, there is a 



[0012] 



In light of the above 



points, the object of the present invention is to provide a projection 



Sultaneously accomplished with high precunei, 
[0013] 

[Means Used to Solve the Problems] 

As is shown for example in Figure 1, an 
invention [is characterized by ^ to ^?^3^Sch transfer pattern is formed 
illumination optical system (22) that ^^^^^^ that sets the illumination 
with exposing light at a uniform .Uummance ^™* m a P proj Ltion optical system (13) 
area illuminated by the exposing light on the ma k ^ L J J J hotosensitive substra te (14), 

and [b] in which an image of the transter patten d m ^ 

illurrination area illuminated by the ^T^ 0 ^^ Ld the photosensitive substrate 
photosensitive substrate (14) by relatively scanning the ma^ ( ) P^.^ by ^ 

(14) in synchronization in the : scaroun g ^^tZ^ns (20) which relatively scans the 
exposing light, [the apparatus] has 1 a « ma i S ^ illumination „ 

mask (7) at a uniform ^^^.JS^i driving means (21) which causes 
illuminated by the exposing light and £] a second m * ^ ^ msk (7) 

translational movement and rotation of the mask (7) map 
independently of the first mask driving means (20). 

[0014] 

detects the position and angle of f^^^^'rtm,. (14) at a uniform 
substrate driving means (27) wtach respect to the conjugate image that 

speed in a direction conjugate with the scanning * jected; , subst rate 
[obtained when the image of the wnsfer pattern on the mask U P of the 

position detection means (47B) wtach detect . to £ ^ ^ , cont , 

photosensitive substrate (14) .n a plane paralleHo the photo ^ ^ ^ fflask 

SEES SL- by the substrate position detecuon means (47B). 

[0015] 
[Operation] 

j . • ot+c nf thp mas k fn are separated into a first mask 
In the present invention, the driving parts of the mask W™V second mask 



twodrivingmeansaremdepende^^^ 

uniform speed charactenst.es f P°^T^uS-speed movement during relative 
(for example) a heavy stage which , capable of ^"™°™ P Mecision in one axial direction 
Lninjand a guid, , whi oh aUows ong^ W ^ ^ ^ 

only, as the first mask driving mean £0), and oy u^ ^ . J^,, oper a,ions in the 

[0016] 



[Working Examples] 



A working example of the projection exposure apparatus of the present invention win be 
described below with reference to Figures 1 through 5. 

slit scanning exposure system. In Figure 1, « fa , aken m the 
the plane of the page in Figure within a Pta»P-ddU he re«c ^ 

scanning exposure is the X direction. 
[0017] 

a e~ r thP i-Ptirle 7 an air guide which is long in the X 

First, in the stage system used for the reticl 7 an a.r gu ^ ^ 

direction is formed on a reticle side base 1 9 and a^ ittde ^ — the x directio n in 
reticle side base 19 so that the reticle side » ^«^J^ 21 is carrie d on the reticle side 
the XY plane. Furthermore, «* "> tation m the ^ ^ 

scanning stage 20 in a state which a t™^^ stage 21 . During exposure, the 
and the reticle 7 is held ^^^r^^Zca area created by exposing light 

which are used to set the slit-form illumination area, etc. 
[0018] 

• • ro rnnlv the moving mirror 33 is shown in Figure 1) are fastened to the 
Three moving moras only ™ Qn of the reticle side micro-movement stage 
reticle side micro-movement stage 21, and the pos mo 35 shown in Flgure 



^SS stalmfcro-moveme n. stag, 21 via a driving device 25 used for micro- 

. A. 



movement control. 
[0019] 



.u « 0 ™ imacTP nf the slit-form illumination area within the pattern 



exposed. 



!„ the stage system used for the wafer ,4 , « f J^^^^SSm 
formed on a wafer *. t« Furthermore, 
so that the wafer side X stage 27 is tree to suue in i movement in 

a wafer side Y stage 28 is carried on the wafer id • «-e» » " ^ y stage 28 . 
the Y direction in the XY plane, and the wafer 14 «^«™™ , „ ^ ^ m 
Furthermore, although this is no. shown ur ^ «j£*jZ o? M 2 | [ s fastened t0 

this stepping motor 29 via a ball screw 30. 
[0020] 

Three moving mirrors (only the moving 
wafer side Y stage 28, and the position of the wafer s* Y £g£» *^ J, ^ 
interferometers (only the laser m,e »^ S obtained by these laser 

reflected from these three moving mirrors. The m ^urement c f rotation of 

interferometers are ^^T^^^^«J^ 

the wafer side Y stage 28 in the XY ptaie are d«™e° f ft ^ , 4 b 

The main control system *£^£Z££*Z%3& stage 28 via a driving 
controlling the operations of the water side a stage ^ 



device 3 1 
[0021] 



Pigure 2 is a plan view of the £ ^c^T 

air guides 19a and 19b are formed m the X of the air guides 19a 

32A and 32B are embedded in single rows in the X direct °» ™ ^ , 9a and , 9b> 

and 19b. Furthermore, the reticle side « «^ 20 J t ^ c ^ Me J^tag stage 20. 



which circulates a temperature-controlled gas or fluid) so that the heat of the linear -motor is not 

ZZZllo^lZ^ portion (with respec, .o the X direction) of the re.de s,de 
micro-movement stage 21. 

[0022] 

Furthermore a Y-axis laser interferometer 35 is fastened to the reticle side base 19 so that 

MB^oI^r RSyXe reS^-novernent stage 21 rneasur^i by the V-axis 
34B. Y coordinate odid > § f h ticle side m^ro-movement stage 21 

laser ^"^^ and rotational angle data RS0 of the reticle side 

measured by the X-axis laser inteneromei , 36B d for the measurement of 



cover 
[0023] 



Furthermore actuators 38 and 40 which respectively cause micro-movement of the reticle 
furthermore aciudiu d : rection ^ an actuator 42 which causes micro- 

with the moving mirrors 34A and 34B. furthermore, uie ici 

Itate £ the XY plane by adjusting the amounts of displacement of the three actuators 38, 40 and 
42. 

[0024] 

slit-form illumination area 43 which is long in the Y direction is formed on 



Furthermore, a 
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• r wtt Thpnntical axis ofthe Y-axis laser interferometer 35 is set 
the reticle 7 by the : exposing hght £ « ' ^ ove . mentione d illumination area 43 

on a straight line that passes through ttie ; centei oil fflu mination area 

ofthe three actuators 38, 40 and 42. 
[0025] 

44A and 44B are embedded in smgle rows ^ to*on^n^» ^ ^ ^ 

and 26b. Furthermore, the wafer side X stage 27 yearned on «iea gu 
wafer side Y stage 28 is carried on the wafer side X | 7 is driven with high 

in the undersurface ofthe wafer ode X stage 27 and f d ^ 

precision in the X direction by a hnear motor system. 7^^^^ wafer ^Ty stag e 
Pooling function so that the heat o ~ 

27b by a stepping motor 29. 
[0026] 

A moving mirror 45 which has a '^^^ ^ 
long in the X direction is attached to the end portion (with re specUo ^ he Y d > ^ ^ 
side Y stage 28, and a moving mirror 46 wtach ha P to "J. x direction) 

stage 28 measured by the Y^s ^^^S^Ll ang,e data WS8 of 
^^^^^^ 

rotation, are sent to the main control system 23 shown m Figure 1 
[0027] 

ta this case, the optica, .axis St 
of intersection between ^^^^X* * P-*£d «• - of 
^rS Y direction !he detection center of the alignment system 
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4, is positioned on ,he optic, axis of the >£££S^^£^t£ of 
projection optical system ,13 is a the length of the 

blocking portions of the reticle 7. 
[0028] 

Next, the control method used during slit scanning exposure in the working example 
shown in Figure 1 will be described. 

side stages at a speed that is higher ^.^^^^^ p, during slit scanning 
[0029] 

command ODWy to the J^^She operations of fte linear motor of the 

direction driving command ODWy rra P^™* °°™ r ° J ide Y stage 28 . Furthermore, 
wafer side X stage 27 and the stepping mo o 29 oft g ^ fte ^ 

when the reticle 7 is moved in the X direction, wmcn s 

control system 23 sends a first drmng command O0R1 ^YnltaxYpTane the ^ comro l 
device 24, and when the reticle 7 is -^""fei^ driving 
system 23 sends a second °™g — d ODMfc to re, e to , ^ ^ 

device 25 . The firs, driving comnrcn i ODR1 cornels ^P ^ ^ ^ rf 

[0030] 

Here one example of the control method will be described with reference to Fi^re 5 and 
tof^™^V»^'>*" : or&nal erroneously reads F^re 1. ]. 
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.„ , / a \ inmates the relative positional relationship between the retic e 7 and the sit 
F.gure 5 (a) .Itostrate ,«x re v ^ re|atiollsnip between the 

form illum.nat.on area 43. F.gure 5 (b) "'"f 1 ™^ f^^o^ it is assumed 

wafer 14 and the slit-form ™ < P. In he J^JJ^ „ tw0 adjacen , shot 

** ^"atd ZtS»^"Mtol. is assumed .hat in the 
hT^tne 5 ^— 

of the reticle 7 [Trans,*** no* orwna, M ■ -d t ^ ^ 

exposure area 43P in F.gure 5 (b) .s located at the «*^«"»JL ( , 7 ■ m the 

Jwafer .4. In the inhial s*.e ^^;;^ ta t-^32l« a speed of V, and 

From this initial state, the processing proceeds to step 101 in Figure 4. 



[0031] 



=o« 

uSnspeeo^ 

mentioned] speed of V/p. 
[0032] 

samples the ^^^-^T^^^ reticle 7, the difference WSy - RSy/p 

14 and the X coordinate data RSx/P on the rote rt me re , coordinate da ta RSy/p 

between theYcoordinate data WSy^ 

on the side of the reticle 7, and the difference WbO 

on the side of the wafer 14 and the rotational angle data RS6 on the side 

[0033] 

Then, the main control ^stem 23 ^sends a 
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As a result the center of the illumination area 43 reaches the position B outside the pattern area 
o "th ^ reticle 7 from the [above-mentioned] position A in Figure 5 (a), and the center of the 

4T«uto the position BP outside the first shot area 50A of the wafer 14 from 
Mentioned] position AP in Figure 5 (b), so that the first slit scanning exposure is 
completed. 

[0034] 

Next in step 102, the main control system 23 drives the wafer side X stage 27 so that this 
stage 27 i^mporarily decelerated and then accelerated in the X direction, and *e wafer side Y 
afe 28 temporarily accelerated in the Y direction and then decelerated. In parallel with this 
he JL coS system 23 decelerates the reticle side scanning stage 20, and resets the posi ion 
oTthe reticle ride micro-movement stage 21 to a standard position. As a result, in Figure 5 (a), 
t^tZ^on area 43 reaches the position C, which, ^t^o*£ than 
the [above-mentioned] position B, and stops; meanwhile in Figure 5 to-^^*** 
exoosure area 43P reaches the position CP, which is outside the second shot area 50B of the 
X 14, from the position Bp' At this position CP, the wafer side X stage 27 has already begun 
uniform-speed scanning in the X direction. 

[0035] 

Next in steo 103 the main control system 23 drives the wafer side X stage 27 at a 
unifonn^e of V ta the X direction, and stabilizes the position of the wafer side Y stage 28 by 
S rontrol As a result the vibration of the wafer side Y stage 28 caused by acceleration 
^^ ^naor,, in parallel with this, the reticle side scannmg stage 
X i ^LceSed n the -X direction. Consequently, in Figure 5 (a), the center of the lUumination 
^^reStoSition D near the reticle 7 from the [above-mentioned] position C, and in 

SoBofthe wafer 14 from the [above-mentioned» 

reticle side scanning stage 20 begins to move at a uniform speed of V/p in the X direction. 
So^TTretoto scanning speed of the reticle 7 and wafer 14 reaches the desigr i vaue 

a possibility of deviation in the relative positions and relative angles of rotation 
of the reticle 7 and wafer 14. 

[0036] 

Accordingly the processing proceeds to step 104, where the main control system 23 
drives thtwafer Ide X stage 27 at a uniform speed of V in the X direction and drives the reticle 
HscZZa stage 20 at a uniform speed of V/p in the -X direction. Furthermore, the main 
c^^Tperforms position control for the wafer side Y stage 28 and position control for 

micro-movement stage 21 . Specifically, the main control system 23 samples the 
difference WSx - RSx/p between the X coordinate data WSx on Reside °1 gy/^^ W ggj^he y 
X coordinate data RSx/p on the side of the reticle 7, the difference WSy - RSy/p betwee n the Y 
SS I; WSy on the side of the wafer 14 and the Y coordinate data RSy/p on the side of 
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u u 7 and the difference WS6 - RS6 between the rotational angle data WS6 on the side of 
aTve mentioned three differences are maintatned at specrfied values. 



[0037] 



Subsequently, m step .105 ««* " ' completed, the center of the illurmnatton 

[0038] 

Then as a result of the same control as that in step 101 being ^^^^^ 
Then, as a resuu 01 1 DOS ition G as shown in Figure 5 (a), and the 

[0039] 

driven. Accordingly, even whrle he ' ^ 7 4 J£* 4 can be quickiy and easily 

areas of the wafer 14 without distortion. 
[0040] 

Purthermore inthe present ^l^Zf^JmZ^^ 
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• i.. rt fM9 ronseauentlv the response characteristics of position correction are good 



true: 

M2»a = (Ml +M2)A 

[0041] 



performed. 

circular arc shape. 
[0042] 

departure from the gist of the present invention. 
[0043] 

[Merits of the Invention] 

♦ • w5«n »fir<;t mask driving means which is used for relative scanning of 

simultaneously accomplished with high precision. 

Thtt" Je can be accompUshed with good response character, 
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[Brief Description of the Drawings] 

[Figure 1] Figure 1 is a structural diagram which shows the overall structure of one 
working^mple of the projection exposure apparatus of the present mvenfo, 

[Figure 2] Figure 2 is a plan view which illustrates the reticle side stage system in Figure 

1. 

[Figure 3] Figure 3 is a plan view which illustrates the wafer side stage system in Figure 



1. 



area. 



[Figure 4] Figure 4 is a flow char, which shows one example of the control method used 
during K scanning exposure operation in the present wortang example. 

rc- <i TWe 5 U1 is a plan view which illustrates the relative positional relationship 
[Figure 5] Figure 5 (a) is a pian vis corresponding to Figure 

[Figure 6] Figure 6 is a structural diagram which illustrates a conventional projection 
exposure apparatus using a slit scanning exposure system. 

[Explanation of Symbols] 

7 Reticle 

14 Wafer 

19 Reticle side base 

20 Reticle side scanning stage 

21 Reticle side micro-movement stage 
23 Main control system 

26 Wafer side base 

27 Wafer side X stage 

28 Wafer side Y stage 
35, 36A, 36B, 47A, 47B, 48 Laser interferometers 
43' Slit-form illumination area 
43P Slit-form exposure area 
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[Key to Figure 1 :] 23 Main control system 
[Key to Figure 4:] 

[top oval] Slit scanning exposure 

noil Speed control of wafer side X stage (uniform speed) 

L twit;™ rnntrol of wafer side Y stage 

ri 031 Speed control of wafer side X stage (uniform speed) 

L Position control of wafer side Y stage 

Speech Control of reticle side scanning stage (acceleration) 



[104] 



Speed control of wafer side X stage (uniform speed) 
St n control of reticle side micro-movement stage 



[105] uniform-speeddrivingandcorrectionofposit^ 



[Bottom oval] Slit scanning exposure 



[Key to Figure 6:] 12 Main control system 
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[Document Title] Abstract 
[Abstract] 

[Co—on] Amide side scanning stage 

relative scanning with respect to a sht-form tUunun^ «• ? m a 

and areticle side micro-movement stage 2 ' w ^™J e 7 U carried on this stage 21. Constant- 
dimensional plane is carried on thts sttge 20_ ThereUcle 7 »™ independently 



[Selected Figures] Figure 1 
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